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Report Eo. T-i097-1 

3.0 

3.1 

3.2 

SECTION I11 

CURREHT PROGRESS 

General 

The cu r ren t  repor t ing  period was devoted p r i n c i p a l l y  t o  i n v e s t i -  
ga t ions  p re requ i s i t e  t o  s e l e c t i o n  of a design approach f o r  t h e  
f irst  group of fou r  gauges t o  3e de l ivered  under t h e  cont rac t .  

Objectives 

Form - 
The a t t i t u d e  of t h e  gaclge r-elative zo ficx is  impor-;ant 710 t h e  
designer, when t h e  p?rfomznce o b j e c ~ i v e s  05 iiEe, response, re- 

by irnrnersion i n  t n e  flow a r e  cofislcier2d. 
s i s t a n c e  t o  oxidat ion,  ercsion, S.?GL~, . .  v i h a t i m ,  zr.C loads  caused 

There are e s s e n t i a l l y  r?,rce coixXiiGfis of attitud? r e k z i v e  t o  
flow t o  be considered: . 
a. With t h e  gauge mounzeG zzansvcxz  TO flow, znd w i t ? .  flow 

impingement nornai  710 t h e  l o n g i t u s i n a l  c e n t e r l i n e  ~5 t h e  gauge. 

With t h e  gauge nounred such thar  flow is p a r a l l e l  t o  t h e  
long i tud ina l  c e n t e r l i n e  of t h e  gauge, with t h e  neLii--i, impinging 
on its t i p .  

b. 

c .  With t h e  gauge mounted such t h a t  t h e  flow is tu rbu len t ,  s tagnated,  
o r  wirh unprediciaLlr  f h x  vzets rs .  
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3.2.1 Transverse or P a r a l l e l  Mounting 

I f  it develops t h a t  t h e  gauges w i l l  be mounted i n  a medium with a 
wel l -es tab l i shed  and defined flow p a t t e r n ,  it follows t h a t  a t t a i n -  
ment of t h e  d i f f e r e n t  
descr ibed i n  t h e  following paragraphs. 

design objec t ives  w i l l  be a f f ec t ed  as 

3.2.1.1 Discussion 

I f  t h e  gauge is mounxc6 e i r h e r  LiTa;:svzrse t o  flow, or p a r a l l e l  t o  
flow, response t o  a szep-fucction chaage of temperature w i l l  be 
inve r se ly  r e l a t e d  t o  the ixzss v e l o c i t y  seen i n  the region of t h e  
junct ion.  Response is  a l s ~  a fzzczfon of The aass of the  r i p  
s t r u c t u r e  and ~ h e  >~x-Icz:G:-., as wz:- Lk &;.? dffZusivlry of t h e  
rnacerials. Thus, ti ic? z s s  : ? ~ v G = G ; ~ - ~ c  CJ;;C.-;;C~-X lctr f a s t  response 
are those of high vzLx:zy7  io.^ - - - =  I I I c - c I u  - a .  -. - --- ,.,e s;;lg=l ;is, and good 
thermal t r ans fe r  c h ~ r ~ z  ; C ~ ; S Z I C S  .x LZL-:ZLS I f ,  conversely,  
the gauge is mouzrec 1.- t ~-~g2oi--  . J * . ~ E  5 - i ; ~ ~ ~  is ;io f low7  or very 
low flow, response is  3xil;carec. ->crL :he mass of C-ie jclnction and 
i ts  s t r u c t u r e ,  and t h e  :;?ex.al cA:cr;c~erds Lics of a e  marer ia l s  . 
Thus, t h e  designer is oc %e horr,s or' a aiiemma i r "  he is face6  with 
t h e  requireinem of designizg a ~ L - O ~ X  t o  s z t i s f y  both gexera l  r e ~ u i r e -  
nents : f .e no flow, and i..i;h ESS velocity. I n  ada i r ion ,  he is 
r'urcher faced w5xh anor;-,e~ c ~ l e x i ~ ~  ir; T;-,ZX he can no t  extend t h e  
l i f e  of t h e  gauge by e q l o y l x g  z s z r x t i i r z  of high mass i n  a high 
Kass v e l m i r y  flow, if he is t o  m e t  -:he f a s t  response requi rezent  
ir, a no-flow condi t ion.  A l o w - n ~ s s  sf='clc;~;r2, wfrh f a s t  response 
under no-flow, simply does z o t  l e m  i t c e i f  t o  i ims r s ion  i n  a hi;;;? 
mass ve loc i ty  medium because of che zczz lera ted  e fzec t s  of e ros ion  
and oxidat ion.  

- -  - -  
. -  ~~ . 

- .  . . .  

.. 

.. 

There i s ,  add i t iona l ly ,  t h e  reqcirczen: of r e s i s t ance  t o  t h e  e f f e c t s  
of v ib ra t ion  and shock t o  be ccnsldered. 312 des i rab le  s t r i lc rure  
would have a small can t i i eve r ,  with decreasing mass froin t h e  base t o  
t h e  t i p ,  a n a t u r a l  frequency of t h e  bas i c  s t r u c t u r e  outs ide  t h e  
v i b r a  L h i i  s p s c t r ~ i  t o  be encnuntered, and high i n t e r n a l  damping. 
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3.2.2 

3 . 3  

3 . 3 . 1  

F o r  r e s i s t ance  t o  bending and shear  forces  developed dar ing  exposure 
t o  high ve loc i ty  flows, the iznersed por t ion  of t n e  gauge should 
have a geometry which incorporates  loyw drag c h a r a c t e r i s t i c s  over a 
wide range of mach numbers, from subsonic t o  supersonic.  
l o c a l  ve loc i ty  of sound i n  a given medium i s  r e l a t e d  only t o  tenpera- 
t u r e ,  a preliminary inves t iga t ion  of t h e  mach numbers l i k e l y  t o  be 
encountered was made, and is presented i n  Appendix "A". Suggested 
c ross -sec t iona l  shapes s u i t a 3 l e  f o r  imnersion i n  the  flow a r e  t h e  
double wedge, s i n g i e  wC-dgc, arid bicozvex. It  is  f e l t  t h a t  f u r t h e r  
explorat ion of t h i s  c o x i 2 e r a t i o n  should be withheld u n t i l  a f t e r  a 
general  discussion is  he ld  with NASA t echn ica l  personnel t o  reso lve  
s p e c i f i c  questions concerning ,he i n s t a l l a t i o n  and t h e  medium. 

Since t h e  

No-Flow Considerations 

It is apparent thzk -:Ass X S J O C S C I :  -. 2, - C . r L  :;zugi! -- will have t o  meet 

tu rbulen t  cond.i-:ions, i k s ig i zz  fo;. f a s t  response presents  an 
e n t i r e l y  d i f f e r e n t  sez  of 9rob lms .  
above, it is f e l t  t k a r  ?his area s;?ould be discussed with NASA 
personnel before  proceeiiixg. 

c e r t a i n  minimm - 2 c ; L ~ r . 2 ~ 2 ; s .  --. - ->v m - z - m  32 unpredictably 

A s  was s t a t e d  i n  Para. 3.2.1.1 

Oxidation Res is tan t  C o ~ ~ : i r . ~ i s  

The oxidat ion r e s i s t a x  cos-cizgs 2r;;~loyec i n  previous Types of 
gauges may be grouped i n  5 r e e  c i s t i n c t  ca tegor ies :  

a. Plasina sprayed coatings.  

b. Diffused coat ings.  

c. .Intumescent coat ings.  

Plasma Sprayed Coatings 

Various plasma sprayed high temperature oxides have been given a 
gren-i: dea l  of t e s t i n g  i n  the  p a s t ,  under operat ing c o n d i t i o x  very 
s i m i l a r  t o  those an t i c ipa t ed  i n  t h i s  ?'og?am. They have been 
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3.3.1 

3 . 3 . 2  

3 . 3 . 3  

3 . 4  

. 

Plasma Sprayed Coatings Cont...  

success fu l  except t h a t  they all have a c h a r a c t e r i s t i c  of chipping 
due t o  erosion and thermal s t r e s s e s .  
has been determinea as being cont r ibu tary  t o  poor response. Upon 
exposure of the  s u b s t r a t e ,  f a i l u r e  has been qui re  rapid,  Therefore, 
such coat ings a r e  present ly  regarded as  not s u i t a b l e  for t h i s  project. 

Addit ional ly ,  t h e i r  presence 

Diffused Coatings 

I n  the  ACL Type Y734 g a g e s ,  -Lungsten d i s i l i c i d e ,  boron n i r r i d e ,  
and o ther  s i l i c o n  cox2;OunCs w 2 x  q p i i e d  co t h e  w n g s t e n  sheaths  
by e i t h e r  gzseous d i f f d s i ~ n ,  CY by t h e  p x k  process.  
have appa;.ently r e t a n k 2  rhe severe o x i l c c i o n  normally seen i n  
tungsten exposed -EO nighly  oxie iz ing ,  high r e q e r a t u r e  media. In 
researching these coat:r.gs, -ch?re i s  early i nd ic s t ion  t h a t  another 
group of ma te r i a l s ,  rhe zircoi-,a:es, iizy offer  some advantages. A 
more complete discussion o f  thcse cozti i igs w i l l  be included i n  the 

These coat ings 

next r e p o r t .  

Intumescent Coatings ~ 

T h i s  group of coati;;gs : ? w e  & ~ - , ~ ; - i ~ t ~ a t e C  xi a b i l i t y  TO withstand 
exposure t o  t h e  r2cpi;ned s c v e x  cor;di;loils of use for TrotracteZ. 
per iods of -cine. T;ney z r e ,  kcwever; d i f f i c u l t  t o  ap2iy uniformly 
2nd tend t o  rrhernaliy i n s x l a t e  zhe s i n i c t u r e  by v i r t u e  of su r face  
char r ing .  XoTe inforEazioi; cor,ceTning some poss ib le  L S ~ S  i n  t h i s  
program w i l l  be included i n  t h e  n e x t  r epor t .  

E l e c t r i c a l  In su la t ion  

A s  of t he  d a t e  of this r e p o r t ,  no new information as regards a 
type of e l e c t r i c a l  i n su la t ion  f o p  use a t  high temperature hs s  been 
discovered. 

One r e p o r t ,  cozcerning Szmariun oxide,  was t r a n s l a t e d  from a r q o r t  
w r i t t e n  i n  Germzny. Results of t n i s  i nves t iga t ion  were negarive ir; 
t h a t  t h e  ma te r i a l  sxhibi ted a n 2 l t i n g  t e q e r a t u r e  lower than 3 e r y l l l . c .  
oxide. 
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I -  . 

3.4 E l e c t r i c a l  In su la t ion  Cont ... 
Inves t iga t ions  w i l l  continue i n  t h i s  area, and results w i l l  be 
presented i n  succeeding r epor t s .  
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SZCTiON IV 

PROGKW FOR KEXT INTERVAL 

~~ 

Report KO. T-1097-1 

4.0 Objec t ives ' fo r  tne I n t e r v a l 1  July 1963  t o  1 August 1963 w i l l  
include the  foliowing: 

a. 

b. 

C .  

d. 

e .  

Develop znd s e l e c t  zi s u i t a b l e  form for t h e  immersed po r t ion  
of t h e  first th ree  p r o t o t y 2 2  gauges. 

V i s i t  NASA, Huntsville, 20 discuss d e t a i l s  of t h e  gauge 
i n s t a l l a t i o n ,  and msi lc ible  backgound da ta  with responsible  
NASA t echn ica l  ~ c L - s G T . ~ ~ ~ .  

I n  conjunciion v . l L 1 ,  

of t h e  projec? Zi-iCi e s ~ a b i i s i i  nilesrones and scheciules f o r  t h e i r  
accomplishnenr, 

Continue inves t iga t ions  inxo e l e c t r i c a l  i n s u l a t i o n ,  d i r e c t e d  
toward: 

(1.) 

(2.) 

- 1 . 2 ,  ~ ~ , . , x ~ n z l ,  ,vviciia t h e  o v e r a l l  ob jec t ives  

The poss ib i l iEy  0-T d m d a ? k i g  an optimin deprh of insulaxion.  

Research for sa insulator ca2abie of operat ion a t  tempera- 
t u r e s  higher  than 2480°C. 

Inves t iga t e  t h e  poss ;b i l ixy  of developing a conf igmaxion  
r eqd i r ing  no in su la r ioz .  

- -  
(3 . )  

Review r e s u l t s  of zes ts  per fo r red  by NASA on ACL Type 4734 
gauges. 

{l. j L u r r l p a L  ,------- n n c i 7 l f c  -_ -- n-f ezch Ixdiv idua l  tes t  run with serl&. 
numbers on gauges, Check aga ins t  i n t e r n a l  construcr ion 
analyze resiilrs. . 
~ r e j ? a r e  fa r , i ly  of tungsren ~ 2 s t  samples and invesz iga te  
oxidat ion res i s tance .  

(2 . )  
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' .  

4.0 Cont. . . . 
f. Begin inves t iga t ions  in20 phys ica l  s t r e n g t h  of s e l e c t e d  gauge 

conf igura t ions ,  

(1.) Resistance to bending. 

(2.) Resistance t o  shear .  

(3 .) Resistance to vibzat ion.  

(4.) Resistance t o  shcck. 

(5.) On basis  of above, choose a conf igura t ion  for f i rs t  four 
gauges. 

g. S t a r t  development of  a base and zount ing configurat ion.  

h. S t a r t  i nves t iga t ions  of Cori;pezsz2ec Lead >l i re .  
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SECTION v 

STATEMENT OT I"AN-3CUXS 

5.0 

. 
Report- No. T-1097-1 

H o u r s  by Category 

The expenditure of man-hours during the r q o r z i n g  per iod,  and a 
recapitulation is  presented in tabular form below. 

P m v  ioas Current 
Category P c i o d  Pe r iod  

Engineering 
Clerical 
F s b  r i c a t  i on 
Consulting 
Draf t ing  

To 
Date - 
62.5 

4.0 
0 
0 
0 
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APPEXI 3X "A" 

THE FREE-STANDING SI!D.TE VS . FLOW 

Report No. T-1097-3. 

. 

It is f e l t ,  a t  t h i s  s t age  of the p;1ogram, t h a t  t h e  geometry of 
t h e  immersed por t ion  0: the  proLc w i l l  very heavi ly  inf luence  
t h e  i n t e r n a l  design fez-rures because of phys ica l  sgacing ava i l ab le .  
Therefore ,  a prclimlnary ir,ves.Ligation of f r ee - s  tanding shapes f o r  
t h e  flow f i e l d  w a s  s t a r t e d .  Resul ts  of t h i s  i nves t iga r ion  a r e  given 
below. 

a. Kach Numbers i n  t h e  Flow 

CD The - of t h e  &iura i s  no t  p r e s e a t l y  kncwn. Moreover, i t  is 
no t  ixown how - w i l l  v x y ,  wl tFL  t i m e  ~ n d  temperature. 
values of M we2e ca lcu la ted  f o r  - froa 1 . 0  to 1.5,  Absolute 
Temperatures from 773°C t o  3273OE: and l o c a l  v e l o c i t i e s  of 11305 . 

t o  5000 feet  per  second. 

PP Therefore,  cv CD 

Local speed of somi wzs ca2cuiated with the following r e l a t i o n -  
ship; which gives  e x x t  values .  

a* = 'GK~ 
T,Jhere : 

a = l o c a l  speed of sound, f e e t  per  
second 

); = r a t i o  of s p e c i f i c  hea t s  , - CD 
CV ainens ion le s s  

R = universa l  gas consranr,  dimensiviiless 

TA = temperature, O C  absolu te  

Mach numbers f o r  M = V/a  a t  d i s c r e t e  values  of T ,  and V wer? the2 
ca l cu la t ed ,  and t h e  data  was p l o t t e d  zs a coinplex graph, (See 
Figure 1) from which could be ta?<en t h e  l o c a l  Mach number f o r  any 
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a. Mach Numbers i n  t h e  Flow Cont.. . 

2. 

combination of pzrarneters given above. I t  i s  seen, from t h e  
graph of Figure I, tha ;  i f  :he extrenes of condi t ions wi th in  
the  t o r a l  envelo;?c of clle vzliles s e l e c t e d  for ca lcu la t ion  were 
encountered, t he  iocaf  Xach nuxber could vary from M = 3.25 
a t  Y = 1 .0 ,  V = 5033 ft/sec and TA = 773OC t o  M = .25 a t  

It i s  r ea l i zed  thatr such wide va r i a t ions  w i l l  no t  be seen under 
a c t u a l  s t a 3 i l i z e d  flow coilt icions . ilowever , it is  expected t h a t  
ac tua l  Kach numhers w i Z  fail w i  Zhin t h e  ca lcu la ted  envelope. 
171 is  seen,  moreove;., khat Slucxuations f n  ail7 parameter czrA 
s h i f x  t h e  Mach nuinSer by a c o x i L e r a b l e  anoilnt, and t h a t  reso lu t ior ,  
of chc opera t iona l  p r o z i l e  nus; be accomplished b d o r e  a final 
s e l e c t i o n  0: t he  g e o r z x y  of the i ree-s tanding  menher can be made, 
i f  a minimum - d ~ a g ,  naximm sil-cng:h probe i s  des i red .  i t  is 
Likewise apparex:; tc.2: d e s i t x  ~f S L C ~  a prohe f o r  accorrmodation 
of a l l  pararn2te.x &-LA be a c - - - - - r - i y  i La:..- L-' , , l ike ly ,  i f  no t  impossible. 
it i s  poss ib l e ,  A:s~7'ev~i-, 20 Ly_,ci;zesize a probe C ~ O S S - S ~ C Z ~ O A  t o  
operate  with22 S-,c eme lope ,  ~ , ~ n i c h  would exemplify d e s i r a b l e  
c h a r a c t e r i s t i c s  i n  2 widely f lucEuat ing flow f i e l d .  

Y =  1.5, V = l C G C  ft/sec, and T A  = 3273OC. . 

- -  

a. General 

It  w i l l  be a s s w e d ,  , i n  t h i s  discussion,  t h a t :  

1.) Maximum tefipe2ature = 30GO°C 

2.) 

3 4  

h i s  s e t  or'parameii-rs y i s l 2 s  2 Mach regime from about M = .9 
t o  M = 1.5 as t h e  absolute  t ense ra tu re  changes from about 
1273OC t o  3273OC. 

Maximum ve loc i ty  = 50G3 ft/sec 

5 cD - - 1.4 (approximately) 

m 

Since t h e  flow nay 3 e  expeczed, thhen, t o  f l u c t u a t e  from subsoEic 
t o  supersonic ,  t he  charac te r  of t h e  r eac t ion  of a member immersed 
i n  both subsonic and supersonic Plow must be considered. F i r s t ,  
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a‘. General Cont.. . 
t h e  na ture  of t h e  mathematical equations used t o  es t imate  
c o e f f i c i e n t s  of process w i l l  change from e l l i p t i c a l  a t  sub- 
sonic flow, t parabo l i c  at suprrsonic  flow, which changes 

real .  This represents  a fundamental change i n  flow p a t t e r n ,  
which says t h a t ,  a t  supersonic v e l o c i t i e s ,  no warning of t h e  
presence of a s o l i d  body i s  Lransmitted ahead-of  t h e  body. 

t h e  (M2 - 1) P /2 term of such equations from imaginary t o  

It can Le fulpkkw shown t l t n ~  ;kc s i n @  o r  double wedge is a 
dcsf rab le  c ross  sec t iona l  s h q e  foi- i r i e r s i o n  i n  a supersonic  
flow, when miniailin d m g  is a primary cons idera t ion ,  although 
such a shape, exmine5  under two-dimensional theory,  exh ib i t s  
undersira3le  l i f t  c h z n c t e r i s s i c s .  Since desi- r2quirements 
need not  be concerfiec with I5f -c .  a shape e x h i b i t i z g  low drag 
and poor l i f t  under b o ~ k  s z h s x i c  .and sL?ersonic flow i s  indica ted .  
A properly desigi-ied wedge ~ i ’  uouble wedge aay s a t i s f y  these  
condi t ions.  

it i s  assc.xei .CG:- p u q o s e s  of discussion t h a t  s t reaml ines  
i n  t h e  flow CGX be re2ycsented with a s e t  of p a r a l l e l ,  
equ id i s t an t  i l n e s .  Thcse l i n e s  will be deviated until 
they a r e  p a r a l l e l  t o  che en ter ing  sur faces  of t n e  rhoirbus 
by t h e  atisached shock. The flow continues p a r a l l e l  t o  each 
su r face  u n t i l  i t  a r r i v e s  a t  the 3egianing of t h e  expansion 
around t h e  poinr ol” ~ & i x h x i  thickness.  As t h e  f l o w  goes 
through t h e  expansion, i r  i s  swung around t h e  corner ,  
i nc reas ing  speed and decreasing pressure  u n t i l  t h e  Mach 
angle  i n  t h e  f a s t e r  f l o w  on the  rear su r face  is a t t a i n e d ,  
The expansion then ceases ,  and t h e  flow continues p a r a l l e i  
u n r i l  t h e  compression shock a r  2he t r a i l i n g  edge is reached, 
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Double Wedge (RhomSus) Cont.. . 
The flow is  then turned p a r a l l e l  with t he  o r i g i n a l  
undis turbed s t r ean l ines ,  
s i d e s  of rhc rhofiibus, and the  flow from both s i d e s  joins 
without  a i scont inui ry .  
fo rces  cance l  and zero drag  resu l t s .  
t he  r a d i a t i o n  of pressure  waves r equ i r e s  energy, and shows 
up as wave drag. 

This process obta ins  f o r  both 

This does not mean, however, t h a t  
To t h e  con t r a ry ,  

The genera l  argujnen-cs zppl icabie  t o  the symmetrical 
double wedge apply as wel l  t o  the single wedge, urider 
f irst  order  Ackeret t h e m y .  
t r a i l i n g  e@ is em?loyeci i n  the s i n g l e  wedge, a f r i c ' i i m  
wake develo2s. The zbsolute  ;?ressure over t h e  b l u f f  base 
can no t  be c d c u l a t e d  because of breakaway of f low, b u t  i t  
has been nicasurcd. ":;lese values  have been uszd,  then ,  i n  
c a l c u l a t i n g  drag coelf ic ienks f o r  var ious ehZckness t o  c h o A  
(t/c) ratios w h i c h  indicate  t h t  the  single wedge oz fe r s  zn 
advsntay,e over t h e  double wedg;e for r a t i o s  over  12%. Rat ios  
of absolute base p r c s s u x  t o  f m e  stream starric pressure  i n  
t h e  order  of 1/3 have been aessured i n  wind tunne l  t e s r s  a t  
Mach numbers near 1.5. 
with a vacuum on the  base of a s i n g l e  wedge, t h e  c r i t i c a l  
r a t i o  is only 2G%, above which a considerable  advantage i n  
reduct ion  of drag, as compared wi th  the  double wedge, i s  
r e a l i z e d .  

15 t h e  case where a b lu fT  

It can a l s o  be shown t h a t ,  even 

3 .  A sketch, showing p i c r o r i a i l y  the various condi t ions discussed above, 
i s  presented i n  F igure  2. 
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